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ABSTRACT

Precise orbit determination is an essential taslaf@lyzing satellite laser ranging (SLR) data. Toelity of the satellite
orbits directly depends on the background modetsl dier dynamic orbit determination, e.g., on thdenying model of the
Earth’s gravity field. We investigate the influenaiemore than ten recent and well known gravitydfimodels on the quality
of a combined LAGEOS-1 and LAGEOS-2 orbit deterrioraby analyzing orbital fits. For this purpose wecess the
SLR data collected by the stations of the Intermaid.aser Ranging Service (ILRS) to both LAGEOS I§&s in 2008 and
show that not only the type and maximum degre@&@fiinderlying gravity field model is essential, blgo the proper choice
of a limited number of empirical orbit parametednatthave to be estimated together with all othiaveat parameters like
station coordinates, Earth orientation parametansi the satellite’s initial conditions on a weekigsis. Based on the
experience gained from such validations, the LAGESDR data collected by the ILRS in 2009 are usedstimate weekly

corrections to theC,y values of the underlying a priori gravity field de, and to accumulate the estimates to monthly
corrections.

1 Introduction

The satellite laser ranging (SLR) data to both LAGES$atellites are processed in a combined analgsiscbon 7-day arcs
using the gravity field models listed in Table C@GEM, 2011) according to two different solution &ttaes. For solution (a)
one constant empirical acceleration is estimated7paay arc for each LAGEOS satellite in the aldragk direction in
addition to the initial conditions, as well as owpmr-revolution (OPR) accelerations in the alongkrand cross-track
directions. The OPR accelerations in the respedirections are set up as coefficients scaling t&ne and sine of the
argument of latitude, i.e., of the angle betweeanrthdal line and the satellite’s geocentric positiector as measured from
the ascending node. For solution (b) essentiallystime parametrization is used, but without estigdhe coefficients of
the OPR cross-track accelerations. For both solsitthe coordinates of the ILRS tracking stations, Elaeth orientation
parameters, and range biases for selected sites-@&timated on the same weekly basis.

Gravity field model | Year | Max Drift SLR | CHAMP| GRACE| GOCE | Ground

degree data
JGM3 1994 70 X X
EGM96 1996 360 X X
EIGEN-GLOAC 2006 360 4 X X X
EGM2008 2008 2190 X X
EIGEN51C 2010 359 4 X X X X
ITG-GRACE2010 2010 180 X
AlUB-CHAMPO3S 2010 100 X
AlUB-GRACEO3S 2011 160 30 X
GO-CONS-2-DIR-R2| 2011 240 X
GOC002S 2011 250 X X X X
AlUB - SST - only 2011 120 X X

Table 1: Gravity field models and their characteristics



2 Validation of gravity field models

The LAGEOQOS orbits are sensitive only up to abogjrde and order 20 of the Earth’s gravity field. iDsblutions only differ
slightly when the gravity field coefficients arekém into account up to higher degrees than 14, erga level of about
0.5 mm for a spherical harmonic expansion up taee@0. Coefficients above degree 20 do not sigarnfly impact the
LAGEOS trajectories.

2.1 Standard solution

Figure 1 shows the root-mean-square (RMS) of the Sh&ervation residuals obtained from the weekly tgmig when
using the gravity field models listed in Table ldamopting the solution strategy (a). Similar resaif good quality are
obtained for the majority of the models, apart fr&&@M96 showing a slightly inferior performance. J@Mnd ITG-
GRACE2010 also show a very small degradation wigpeet to other models. Smallest RMS values are rwdtafor
EGM2008, GO-CONS-2-DIR-R2, AIUB-GRACEO03S, EIGEN-51C,dakIGEN-GL0O4C (7.13, 7.14, 7.15, 7.16, and
7.17 mm, respectively). The RMS of ITG-GRACE2010 nhayreduced to 7.18 mm as well, provided that thggedeone
coefficients are set to zero. This modified moddhabeled as “ITG-GRACE2010 mod” in Fig. 1.

RMS of the observation residuals:
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Figure 1: RM S of weekly LAGEOS solutionswith the full set of OPR accelerations estimated (solution (a))

2.2 Omission of OPR cross-track accelerations

Figure 2 shows the RMS of the SLR observation refsdofatained from the weekly solutions when using gnavity field
models listed in Table 1 and adopting the solustmategy (b). A very pronounced discrimination begw the different
models is obvious. AIUB-GRACEO3S, among the best ef®dvhen adopting solution strategy (a) (see Fjg.isLnow
showing an exceptionally poor performance. SmalRdE values are obtained for the GPS-only modelsBACHAMPO03S
and AIUB-SST-only (10.51 and 10.52 mm, respectiyelyhere the latter is an extension of the CHAMBdmhmodel with
GPS data from GOCE. The best performance of the GRBa&&Ed models is obtained for EIGEN-GL04C with an RS
12.56 mm.



RMS of the observation residuals:
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Figure2: RM S of weekly LAGEOS solutions without OPR cross-track accelerations estimated (solution (b))

2.2.1 Correlation of OPR accelerations with Cyg

Equation 1 shows the acceleration du€4gin the radial R), along-track &), and cross-trackQ) directions as a function of
the argument of latitude, the geocentric distancethe orbital inclination, and the equatorial radius of the Eath
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Equation 1: Acceleration dueto Cyy

Since only the cross-track component is governed BPR periodicity, Eq. 1 illustrates a full cortaa betweerC,, and
the sine coefficient of an empirically determineBROcross-track acceleration per arc. The resultiseo§olution strategy (a)
are thus almost insensitive to the quality of @gcoefficient of the used gravity field model. Dédiat C,q coefficients, such
as for AIUB-GRACEOQ3S wher€, is derived from GRACE-only, may be perfectly absatlby the sine coefficient of the
empirical OPR cross-track acceleration. Solutioatsgy (b) is thus well suited to mainly validate thuality of theCyy
coefficient, whereas solution strategy (a) is veelited to essentially overcome the impact of Ragl coefficients in the
analysis. As a consequence, solution strategyaajat be used to estimaly, from SLR data on a weekly basis as it is
performed in Sect. 3.

3 Estimation of low-degree gravity field coefficients

Figure 3 shows normalized and unconstrained wesdtiynates oC,, when using the a priori gravity field model GGM02S
and when adopting the solution strategy (b). Fonmarison with the monthly series from the CenterSpace Research
(CSR), the weekly estimates are accumulated to mostilitions as well, and the a priori values of are shown as
reference. The first result @, estimates obtained with the Bernese Software (Radi., 2007) shows a fair agreement
with the series from CSR, including data from Stefitarlette, and Ajisai in addition.
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Figure 3: Weekly and monthly estimates of Cyo w.r.t. 4.84169411'10*

4 Conclusions

The smallest RMS of fit to the SLR data from LAGEOSwid LAGEOS-2 are obtained for the gravity field dals
EGM2008, GO-CONS-2-DIR-R2, AIUB-GRACEO03S, EIGEN-51CdaGEN-GL04C when estimating the full set of OPR
accelerations. Without estimating OPR cross-tracklacations, the validation results are mainly dated by the quality of
the Cy, coefficients, e.g., revealing an exceptionally pgoality of Cy, for AIUB-GRACEO03S and best results for the GPS-
only models AIUB-CHAMPO03S and AIUB-SST-only. Firgsults ofC,, estimates obtained with the Bernese Software show
a fair agreement with the series from CSR when amgit®PR cross-track accelerations. Longer data seiiielse processed

in the near future.
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